This might make the discussed process practical for an experimental search for the η b .
The ground 1 1 S 0 state of bottomonium, the pseudoscalar η b resonance, is expected to have mass approximately 40±10 MeV below that of the Υ resonance. An early QCD calculation [1] has estimated the hyperfine splitting at about 35 MeV, while the latest perturbative QCD calculation [2] in the next-to-next-to-leading order provides the central estimated value of the splitting as 39 MeV with a theoretical uncertainty of about 10 MeV (and an additional uncertainty due to the current knowledge of the QCD coupling α s ). The preliminary lattice calculations [3] favor a somewhat larger value of the splitting, up to approximately 50 MeV.
Thus an experimental observation of the η b resonance, besides being of a general interest for the study of the heavy quarkonium, would provide an important input into the current theoretical approaches. It is however known that experimentally the η b is quite elusive: the rate of the allowed .) It will be argued here that the branching ratio for the decay χ b0 (2P ) → η η b , although still uncertain, may be as large as few permil, due to a considerable enhancement of the η emission in the quarkonium transition by the axial anomaly in QCD. Depending on the experimental technique, the background conditions for the discussed here decay chain may be more favorable than in a search for the η b by the direct radiative transition from Υ(3S). The amplitude of the discussed here η transition in bottomonium carries the usual suppression corresponding to breaking of the flavor SU(3) as well as a suppression by the factor m −1 b corresponding to the spin-flip of the heavy b quark. However these factors are to some extent compensated by that the considered decay is an S wave process and by the enhance-ment of the η production by soft gluonic field, expressed by the relation [6] η|G aGa |0 = 8π
which is a consequence of the anomaly in the SU(3) flavor singlet axial current in QCD 2 .
The constant f η is the annihilation constant for the η meson, analogous to the pion constant f π ≈ 130 MeV. One can also notice that eq.(1) contains the flavor SU(3) breaking factor
The relation of the amplitudes of hadronic transitions in heavy quarkonium to the matrix elements of the type shown in eq.(1) arises within the description [7] of the hadronic transitions in terms of the multipole expansion in QCD [7, 8] . Within this approach the heavy quarkonium is considered as a compact object whose interaction with the soft gluonic fields can be expanded in multipoles, while the production of the light hadrons in the transition is described [9, 10] by matrix elements analogous to that in eq.(1). However there is a serious uncertainty within this approach associated with evaluation of the heavy quarkonium transition amplitudes resulting from the interactions with gluonic field. This is especially true for transitions from the states whose radial wave function has nodes, such as the discussed here transition 2P → 1S, where considerable cancellations in the overlap integral do take place. In lieu of a better model-independent approach, another known 2P → 1S transition, χ b0 (2P ) → γ Υ, is used here for an estimate of the scale of the corresponding matrix element.
The decay χ b0 (2P ) → η η b is induced by the interference of the E1 and M1 terms in the multipole expansion in QCD. The Hamiltonian describing these two terms can be written as
where ξ a = t a 1 − t a 2 is the difference of the color generators acting on the quark and antiquark, s 1 − s 2 is the difference of the corresponding spin operators, and r is the vector for relative position of the quark and the antiquark. Finally, E a and B a are the chromoelectric and the chromomagnetic components of the gluon field strength. In a nonrelativistic quarkonium the spin, orbital, and the radial degrees of freedom factorize. Thus using the Hamiltonian in eq.(2) in the second order and retaining only the relevant interference term, one can readily find the amplitude of the discussed transition in 2 The normalization of the gluonic field used here includes the QCD coupling g, which normalization corresponds to writing the gluon Lagrangian as
the form
with p η being the momentum of the emitted η meson. According to PDG [4] the branching ratio for the radiative decay is B(χ b0 (2P ) → γ Υ) = 0.9 ± 0.6%. If the central value of the current data can serve as a reasonable guideline, the branching ratio of the discussed transition χ b0 (2P ) → η η b can thus be estimated as likely exceeding 10 −3 , at which level the transition is hopefully within the reach of the experiment.
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